INTRODUCTION
============

Spontaneous subarachnoid hemorrhage (SAH) is caused mainly by rupture of intracranial aneurysm, and its prognosis is closely related to the pre-operative condition of the patients (such as by Hunt-Hess grade),[@B1] and the prognosis is even poorer in early re-rupture cases than the late re-rupture ones.[@B2] Because early rerupture occurs mostly within 24 hours after subarachnoid hemorrhage, ultra-early surgery for aneurysms is gradually thought as the key to avoid re-rupture, improve curative ratio and decrease mortality and morbidity.[@B3] Because of high post-operative mortality in severe subarachnoid hemorrhage (Hunt-Hess grades IV - V), ultra-early surgery is not historically recommended for those patients unless the patients\' general conditions were improved after 24 hours. However, as the incidence of early re-rupture of aneurysm is higher in poor Hunt-Hess grade patients, and current diagnostic technique could not accurately determine the relationship between the extent of brain injury and the prognosis,[@B4] many severe SAH patients are prone to rerupture of aneurysm when they had to wait for the selective early surgery. From January 2005 to September 2007, 9 cases of Hunt-Hess grades IV - V intracranial aneurysm were clipped at ultra-early in our hospital, and the clinical outcome and the possibility of using ultra-early microsurgery for poor-grade aneurismal SAH are discussed.

MATERIALS AND METHODS
=====================

General data
------------

Nine cases of Hunt-Hess grades IV - V intracranial aneurysm were microsurgically clipped at ultra-early (within 24 hours after SAH) (grades IV in 6 cases and V in 3 cases). Four were men and 5 were women with a mean age of 47.6 ± 7.9 years range, (33 - 73 years) ([Table 1](#T1){ref-type="table"}).

Radiological features
---------------------

The aneurysms of the 9 patients were demonstrated by emergency 16-row multislice computed tomographic angiography (CTA) (3 in carotid artery, 3 in middle cerebral artery, 2 in anterior cerebral artery and 1 in anterior communicating artery) and saccular shape. The diameter of the aneurysms was less than 5 mm in 3 cases, 5 - 9 mm in 3 cases and more than 10 mm in 3 cases.

Treatment procedure
-------------------

Intubation was immediately performed to preserve ventilation and normal oxygen saturation, and central venous catheters were inserted to insure sufficient blood supply during operation. Pre-operative ventricular drainage was performed in patients with intra-ventricular hemorrhage and 250 mL of 20% mannitol was rapidly injected after incision of scalp, together with hyperventilation to reduce the intracranial pressure. Interhemispheric approach was adopted in 2 anterior cerebral artery aneurysms and standard pterional osteotomy was used in other 7 cases. The principles of minimal brain retraction and sharp dissection of subarachnoid membrane under surgical microscope were strictly followed, and the aneurismal neck was clipped after exposure of its parent artery (parent artery was temporarily clipped when intra-operative aneurysm rupture happened); the reliability of aneurysms clipping was determined by routine aneurysm puncture. To avoid vascular spasm, intravenous nimodipine infusion was given during the operation; after clipping of aneurysm, the clot in cistern was removed, and diluted narceine was given. In surgery, the bone flap was also removed to reduce intra-cranial pressure. After operation, continual ventricular drainage or lumbar drainage, routine spasm-releasing treatments and \"3H\" treatment (hypertension, hypervolume and hemodilution) were performed. Early hyperbaric oxygenation was given if patients showed symptoms of cerebral vasospasm or cerebral infarction.

Outcome assessment
------------------

The curative effects were assessed as favorable (grade 4 - 5), dissatisfied (grade 2 - 3), and dead (grade 1) according to Glasgow outcome scores when patients left the hospital.

RESULTS
=======

Intra-operative conditions
--------------------------

Of the 9 cases, 5 were operated within 6 hours and 4 were in 6 - 24 hours after SAH. Intra-operative rupture of aneurysms occurred in 4 cases (44.4%), and 5 cases had high intra-cranial pressure and difficulty in aneurismal exposure (55.6%). All 4 cases of aneurysms rupture had difficulty in aneurismal exposure; superficial cerebral vein thrombosis occurred in 2 cases (22.2%).

Post-operative complications
----------------------------

Pneumonia occurred in 3 cases, hypothalamic reaction with upper gastrointestinal hemorrhage in 2 cases, and V-P shunt was performed in 2 cases because of post-operative hydrocephalus.

Outcomes
--------

When departing from hospital, 4 cases had favorable outcomes, 3 cases had dissatisfied outcomes, and 2 cases were dead. Of the 5 cases operated within 6 hours, 3 cases (60%) had favorable outcome, but only 1 case (25%) operated within 6 - 24 hours had same consequence. Of the 4 cases with intra-operative aneurysm rupture, 1 case was dead and 1 case had dissatisfied outcome; of the rest 5 cases, 1 case was dead and 2 cases had dissatisfied outcomes.

DISCUSSION
==========

The prognosis of patients with Hunt-Hess grades IV - V SAH is very poor, but some achieved complete (or partial) recovery and good outcome if they are treated actively, such as avoiding the re-rupture of aneurysm and preventing from cerebral vascular spasm. Because the current diagnostic technique could not accurately clarify the extent of brain injury. And cerebral function dramatically recovers in a few poor-grade patients,[@B2],[@B4] all Hunt-Hess grades IV - V aneurismal SAH should be treated actively to avoid rerupture.[@B5] Because 87% of early re-rupture of aneurysm occur within 24 hours after SAH[@B6] and the incidence of rerupture is obviously higher in poor-grade (IV - V) SAH than that in low grades (I - III), ultra-early surgery has already been suggested by a few authors.[@B5] Ultra-early surgery not only can avoid re-rupture of intra-cranial aneurysm, but also reduce the risks of delayed cerebral vascular spasm, caused by degradation products of erythrocyte through removal of clot in cistern,[@B6] leading to decrease in mortality and morbidity. By the treatment of 9 severe SAH patients with ultra-early clipping of aneurismal neck, we found that 44.4% of cases achieved favorable outcome, which is in accordance with previous reports, and the mortality was 22.2%, which was lower than previous reports.[@B5],[@B7] Perhaps, this is because the benefits of urgent surgery and decompressive removal of bone-flap after diagnosis of aneurysm by CTA.

Emergency digital subtraction angiography (DSA) is the routine diagnostic method for SAH, however, some authors reported that ultra-early (esp. within 6 hours after SAH) DSA can distinctly increase the incidence of aneurismal re-rupture.[@B8] Higher mortality would, therefore, be caused by rupture of aneurysm and leakage of angiographic agents.[@B9] At the moment, the specificity and sensitivity of 16-row multislice CTA can match that of DSA,[@B10] even in the detection of small aneurym (diameter \< 5 mm).[@B11] The advantages such as non-invasive, no-risk and short scanning time of CTA make it more suitable for emergency diagnosis of aneurysm. In addition, excellent image about aneurysm, parent artery and bone can meet the need of surgery thoroughly.[@B10],[@B12] In our patients, all aneurysms were diagnosed by emergency CTA and clipped urgently, thus dramatically reducing the pre-operative preparation time and making it possible to perform ultra-early surgery for aneurysm, esp. within 6 hours after SAH.

The major problems of early and ultra-early surgery for aneurysm are high intra-cranial pressure, difficulty in exposure of aneurismal neck, and rupture of aneurysm followed by temporarily obstruction of the parent artery in operation. In our cases, although ventricular drainage, mannitol, hyperventilation were adopted in operation, 5 cases still had difficulty in exposure, and 4 cases had aneurysm rupture and obstruction of their parent artery, which are obviously higher than the patients with delayed surgery. Therefore, how to decrease intra-cranial pressure in early stage would be the key to a successful ultra-early aneurismal surgery. To avoid surgical trauma, some authors recently inclined to urgent embolization for treatment of poor-grade patients (within 24 - 72 hours), and the favorable outcome was 30 - 48% in aneurysms located in internal carotid circulation,[@B13]-[@B15] accordance with surgical outcome.[@B5],[@B7] However, the low complete occlusion rate[@B14] in urgent embolization retains the possibility of recanalization and rebleeding, and sometimes needs further clipping.[@B15] Besides, in our cases, dead and dissatisfied outcome rate (50%) in patients with difficult exposure were not higher than other patients (60%), suggesting that difficult exposure and intra-operative rupture of aneurysm are not the most important factor of poor prognosis and could be relieved by some measures. Therefore, further study should be taken on the choice of embolization and surgery in the treatment of Hunt-Hess grade IV - V.

Early diagnosis and surgery for aneurismal subarachnoid hemorrhage have achieved favorable clinical outcome, however, few studies have been performed on ultra-early surgery for poor-grade SAH. Our study on the ultra-early operation of 9 cases with severe SAH showed favorable outcome, especially, the patients treated within 6 hours after SAH. Although no statistical analysis could be performed because of the limited number of patients, we believe that CTA should be performed for poor-grade aneurismal SAH as soon as possible to get accurate diagnosis, and ultra-early surgery should be considered to save the patients\' life.
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HH, Hunt-Hess grade; AN, aneurysm; TS, time before surgery; ACoA, anterior communicating artery; ICA, internal carotid artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; R, rupture of aneurysm; DE, difficult exposure; HR, hypothalamic reaction; P, pneumonia; H, hydrocephalus.
